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Description 

[0001] This invention relates to a thin film structure 
having magnetic and optically variable characteristics 
and more particularly to a magnetic optically variable 5 
pigment and device. 

[0002] Optical variable articles having substantial 
color shift with angle have been disclosed in US-A- 
4,705,356 and US-A-4,705,300. However, it has been 
found when such an article is utilized in security appli- 
cations as well as in anticounterf eit applications there is 
a need for additional secunty. This is true in both pig- 
ment and device applications. 

[0003] EP-A-1 70832 discloses a thin film structure in 
which a magnetic layer is embossed into a diffraction 
grating structure. 

[0004] In general, it is an object of the present inven- 
tion to provide a thin film structure having both magnetic 
and optically variable characteristics. 
[0005] Another object of the invention is to provide a 
pigment and device of the above character which can 
be readily manufactured. 

[0006] This invention provides a thin film structure 
having optically variable properties providing substan- 
tial colour shift with angle of incidence and viewing com- 
prising a substrate and a multilayer thin film metal-die- 
lectric interference coating including a metal absorber 
layer, a dielectric spacer layer, and a reflective metallic 
layer carried by the substrate to produce said inherent 
colour shift with angle, said reflective metallic layer form- 
ing an integral part of the multilayer thin film metal-die- 
lectric interference coating to contribute to the optically 
variable properties to provide one anticounterf eiting fea- 
ture; wherein said reflective metallic layer carried direct- 
ly by the substrate is formed from a material which has 
magnetic as well as reflective properties to provide an- 
other anticounterfeiting feature. 
[0007] The invention also provides a structure having 
optically variable properties providing substantial colour 
shift with angle of incidence and viewing comprising a 
substrate and a symmetrical multilayer interference 
coating carried by the substrate having a metallic layer 
(2) formed of a metallic material which is highly reflect- 
ing, dielectric spacer layers disposed on opposite sides 
of the reflective metallic layer and metallic absorber lay- 
ers disposed on each of the dielectric spacer layers, the 
reflective metallic layer forming an integral part of the 
symmetrical multilayer interference coating to contrib- 
ute to the optically variable properties which provide one 
anticounterfeiting feature; wherein the reflective metallic 
layer is formed from a material which has magnetic as 
well as reflective properties to provide another anticoun- 
terfeiting feature. 

[0008] The following is a description of a number of 
preferred embodiments of the invention which are set 
forth in detail in conjunction with the following drawings: 
[0009] Figure 1 is across sectional view of a magnetic 
color shifting optical vanable device incorporating the 



present invention. 

[001 0] Figure 2 is a cross sectional view of a magnet- 
ically optically variable pigment incorporating the 
present invention. 

[0011] Figure 3 is a cross sectional view of a device 
which is transferable. 

[0012] In general, the thin film structure having mag- 
netic and optically variable properties consists of a mul- 
tilayer interference coating which produces an inherent 
color shift with angle. The interference coating has a 
metal-dielectric design. The metal utilized in the design 
has magnetic properties to permit recording of informa- 
tion magnetically in the metal. When it is desired to pro- 
duce a specific color shift in reflection from one color to 
another by removing certain colors, or to modify the 
color shift properties, a subtractive colored superstrate 
is provided external of the multilayer interference coat- 
ing on the side of the muitilayer interference coating fac- 
ing the incident light. The colored superstrate (also 
called a subtractive colorant means) in combination with 
a muitilayer interference coating serves to modify the 
inherent color shift produced by the multilayer interfer- 
ence coating. This combination of a subtractive colorant 
means and the multilayer interference coating provides 
a discrete color shift from one distinct color to another 
at two different angles of incidence, and/or modifies the 
colors produced by the interference coating. 
[0013] More particularly, as shown in Figure 1 , a thin 
film structure is in the form of a magnetic color shifting 
optically variable device 11. As shown therein, it con- 
sists of a substrate 1 2 which can be formed of a suitable 
material such as PET or other suitable material as set 
forth in U.S. Patent No.4,705,356. The substrate 12 is 
provided with first and second surfaces 13 and 14. A 
multilayer interference coating 1 6 is provided on the first 
surface 13. As described in U.S. Patent No. 4,705,356, 
the multilayer interference coating 16 has a metal-die- 
lectric design which consists of a periodic structure of 
alternating metal and dieiectric layers on a relatively 
high reflecting opaque metal layer 17. 
[0014] As explained in U.S. Patent No. 4,705,356, the 
metal dielectric design in its simplest form can be a three 
layer combination such as shown in Figure 1 . In such a 
design, the first metal layer 1 7 is preferably a highly re- 
flecting metal layer. In accordance with the present in- 
vention rather than using a highly reflective non-mag- 
netic metal layer such as aluminum, the metal is chosen 
so that in addition to having high reflecting properties it 
also has magnetic qualities for a purpose hereinafter de- 
scribed. One metal found to be particularly suitable for 
this application is a cobalt nickel alloy with a ratio by 
weight of 80% cobalt and 20% nickel plus or minus 10% 
for each metal. Such a metal layer is deposited on the 
surface 13 to a thickness so that it is substantially 
opaque. An opticai spacer layer 1 8 in the form of a suit- 
able dielectric (i.e., having a low index of refraction) 
such as magnesium fluoride is deposited on the cobalt 
nickel layer 17. A metal with high absorption properties 
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is then deposited on the dielectric layer 1 8 to provide an 
absorber layer 19. One metal found to be suitable for 
this is chromium. Other metals which have such high 
absorption characteristics can be selected in the man- 
ner suggested in U.S. Patent No. 4,705,356. s 
[0015] It should be appreciated that the basic reflect- 
ance profile for the three-layer metal-dielectric design 
for the interference filter 16 would be essentially re- 
tained in designs employing additional periods of the 
thin metal and dielectric. The multilayer interference 
coating 16 provide an inherent color shift with the 
change in viewing angle. In Figure 1, the incident light 
is indicated by ray 21a or ray 21 b and the reflected light 
is indicated by ray 22a or 22b as viewed by the eye 23a 
or 23b. At the eye position of 23a one sees one color, 
Color A, and at position 23b another color, Color B. 
[0016] When it is desired to produce a specific color 
shift or to eliminate certain colors, subtractive colorant 
means is provided external of the multilayer interference 
coating on the side of the multilayer interference coating 
16 facing the incident light. This subtractive colorant 
means in combination with a multilayer interference 
coating serves to modify the inherent color shift pro- 
duced by the multilayer interference coating to provide 
a discrete color shift from one distinct color to another 
distinct color at two different angles of incidence. This 
subtractive colorant means can take the form of a dyed 
superstrate 26 as shown in Figure 1 . The dyed super- 
state 26 must be optically thick and have a minimum 
thickness in the range of about 1 .5 to 2.0 microns. 
[0017] The optical variable device or structure shown 
in Figure 1 can be utilized in the manner described in U. 
S. Patent No. 4,705,356. In addition, it can be utilized 
to encode information in the magnetic layer 1 7 For ex- 
ample, it could record the typical information which is 
carried by a credit card in a magnetic stripe. It aiso could 
be utilized for putting the numbers on the bottoms of 
checks so that the information carried by the check 
could be read magnetically as with present day checks 
and still provide the optical variable feature. 
[0018] It also should be appreciated that the present 
invention can be incorporated in a magnetic and opti- 
cally variable ink by providing flakes in the manner de- 
scribed in EP - A - 0227423. 

[001 9] It should be appreciated that if desired in place 
of the chromium absorber layer, the absorber layer also 
could be formed of the cobalt nickel alloy. This simplifies 
the manufacture of the magnetic optically variable de- 
vice or structure by only using a single metal and a single 
dielectric. 

[0020] Another embodiment of the thin film structure 
having magnetic and optical variable properties is 
shown in Figure 2 and takes the form of a magnetic op- 
tically variable pigment. As shown in Figure 2, this pig- 
ment is comprised of a symmetrical design which lends 
itself to being broken up into flakes which can be utilized 
in making pigment in the manner described in EP - A - 
0227423. The symmetrical design 31 shown in Figure 2 



is formed using a reflecting metallic layer which also has 
magnetic properties. As explained in connection with 
the previous embodiment, the metal is selected for its 
reflecting properties as well as its magnetic properties. 
The metal is deposited to a thickness so that it is sub- 
stantially opaque. One metal found to be satisfactory is 
a cobalt nickel alloy with the cobalt nickel having a ratio 
by weight of 80% and 20% respectively This ratio for 
each of the metals can be varied by plus or minus 10% 
and still achieve the desired results. The reflecting layer 

32 is provided with first and second reflecting surfaces 

33 and 34. Dielectric spacer layers 36 and 37 are pro- 
vided on the surfaces 33 and 34 and are formed of a 
suitable low index of refraction material such as magne- 
sium fluoride. Metallic absorber layers 38 and 39 formed 
of a suitable absorber metal such as chromium are de- 
posited on the dielectric layers 36 and 37. They are de- 
posited to a thickness so that they are semi-transparent. 
As pointed out previously, when it is desired to use only 
a single metal in the structure, the chromium layer can 
be replaced with the cobalt nickel alloy utilized for the 
reflecting layer 32. 

[0021] If a specific color shift is desired or if it is de- 
sired to remove certain colors, dyed superst rates 41 and 
42 are provided on the metal layers 38 and 39 to provide 
subtractant colorant means of the type hereinbefore de- 
scribed in connection with Figure 1. 
[0022] The structure which is shown in Figure 2 can 
be prepared in flake form in the manner described in EP 
- A - 0227423. The symmetrical design particularly lends 
itself to such an application. In utilizing flakes formed 
from the structure shown in Figure 2, a magnetic opti- 
cally variable pigment can be provided in which mag- 
netic information can be encoded in the paint incorpo- 
rating the pigment or in which the pigment simply exhib- 
its magnetic properties so that it can be utilized in credit 
cards, checks and the like in the manner hereinbefore 
described. 

[0023] An alternate construction is shown in Figure 3 
which is transferable and generally comprises a metal 
dielectric thin film stack which can be providec with or 
without a subtractive colorant placed on a releasable 
hardcoat substrate which can be transferred to another 
substrate. This device 46 as shown in Figure 3 consists 
of a transparent flexible substrate formed of a suitable 
material such as PET The substrate 47 is provided with 
surfaces 48 and 49. A releasable hardcoat or releasable 
layer 51 is deposited on the surface 48 and is of a con- 
ventional type. The release layer 51 can be formed of 
any suitable material such as a wax, silicone or acrylic 
and can have a suitable thickness such as approximate- 
ly 1 micron. If desired, the releasable material should be 
one which can be carry a color so that a dyed releasable 
hardcoat can be provided when that effect is desired. 
When the release layer is dyed it provides the subtrac- 
tive colorant means in the dyed superstrates in the pre- 
vious embodiments of the present invention. 
[0024] A metallic layer 52 is deposited on the release 
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layer 51 and Is formed of a suitable material such as 
chromium. This metallic layer serves as one of the metal 
layers in the metal dielectric stack. The dielectric is 
formed by a layer 53 formed of a suitable dielectric hav- 
ing a low index of refraction as, for example, magnesium 
fluoride. Another metal layer 54 formed of a cobalt nickel 
composition of the type hereinbefore described as, for 
example, an 80-20% by weight mixture is disposed on 
the dielectric layer 53. An adhesive layer 56 is deposited 
on the metal layer 54. The adhesive can be a conven- 
tional hot stamp adhesive or other suitable type of ad- 
hesive such as a pressure sensitive adhesive. The ad- 
hesive layer 56 can have a suitable thickness such as 
approximately 1/2 mil (12.7 urn). The metal dielectric 
stack which is shown in Figure 3 can be readily trans- 
ferred to another article. 

[0025] When it is desired to make a transfer, a hot die 
stamp can be utilized to stamp out the desired image 
and to heat the adhesive so that the adhesive will adhere 
to the transfer substrate at the places where it is heated. 
Thus the device of the present invention will only be 
transfered in the areas where heat has been applied. 
[0026] It should be appreciated that with a device 
such as shown in Figure 3, it is possible to place the 
adhesive on the counter surface in predetermined loca- 
tions. A roll-on transfer can then be utilized which will 
cause the device to stick where the adhesive is present 
and not to stick where the adhesive is not present so 
that a pattern can be provided if the device is provided 
on the counter surface. 

[0027] It should be appreciated that in accordance 
with the present invention, the structure or device can 
be placed in a bar code pattern which would produce an 
optically variable bar code device that would appear on 
a label or on the article itself. Such a bar code would 
function as an optically variable bar code that could be 
read by both optical and magnetic readers. Such a bar 
code optically variable device would provide three se- 
cunty features, the bar code itself, the optically variable 
characteristic and the magnetic characteristic. 
[0028] From the foregoing it can be seen that there 
has been provided a thin film structure which has both 
magnetic and optically variable properties which lend it- 
self to many different types of applications, particularly 
where additional security is desired. 



Claims 

1. A thin film structure having optically variable prop- 
erties providing substantial colour shift with angle 
of incidence and viewing comprising a substrate 
(12) and a multilayer thin film metal -dielectric inter- 
ference coating (16) including a metal absorber lay- 
er (19), a dielectric spacer layer (18), and a reflec- 
tive metallic layer (17) carried by the substrate to 
produce said inherent colour shift with angle, said 
reflective metallic layer (17) forming an integral part 



of the multilayer thin film metal-dielectric interfer- 
ence coating (16) to contribute to the optically var- 
iable properties to provide one anticounterfeiting 
feature; characterised in that said reflective metallic 
s layer (17) carried directly by the substrate is formed 
from a material which has magnetic as well as re- 
flective properties to provide another anticounter- 
feiting feature. 

10 2. A structure as claimed in claim 1 , characterised in 
that said metallic layer (17) having reflecting and 
magnetic properties is a cobalt nickel alloy. 

3. A structure as claimed in claim 2, characterised in 
is that said cobalt nickel alloy (17) is a composition of 

80% cobalt and 20% nickel by weight plus or minus 
10% for each metal in the alloy. 

4. A structure as claimed in any of claims 1 to 3, char- 
ge acterised in that a subtractive colourant means (26) 

is provided external of the multilayer interference 
coating (16) on the side of the multilayer interfer- 
ence coating (1 6) facing the incident light, said sub- 
tractive colorant means (26) in combination with the 
25 multilayer interference coating (16) serving to mod- 
ify the inherent colour shift produced by the multi- 
layer interference coating (16) to provide a discrete 
colour shift from one distinct colour to another col- 
our at two different angles of incidence. 

30 

5. A structure as claimed in claim characterised in that 
said substractive colourant means (26) is in the 
form of a dyed superstrate (26). 

35 6. A thin film structure having optically variable prop- 
erties providing substantial colour shift with angle 
of incidence and viewing comprising a substrate 
and a symmetrical multilayer interference coating 
carried by the substrate having a metallic layer (32) 
40 formed of a metallic material which is highly reflect- 
ing, dielectric spacer layers (36, 37) disposed on 
opposite sides of the reflective metallic layer and 
metallic absorber layers (38, 39) disposed on each 
of the dielectric spacer layers, the reflective metallic 
45 layer forming an integral part of the symmetrical 
multilayer interference coating to contribute to the 
optically variable properties which provide one an- 
ticounterfeiting feature; characterised in that the re- 
flective metallic layer (32) is formed from a material 
so which has magnetic as well as reflective properties 
to provide another anticounterfeiting feature. 

7. A thin film structure as claimed in claim 6, charac- 
terised in that a subtractive colourant means (41, 

55 42) is carried by each of the opposite sides of the 
symmetrical multilayer interference coating. 

8. A thin film structure as claimed in claim 6 or claim 
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7, incorporated in an ink. 

9. A thin film structure as claimed in claim 6 or claim 
7, is incorporated in a paint. 



Patentanspruche 

1. Dunnfilmschichtkorper mit optisch veranderlichen 
Eigenschaften, wobei es je nach dem EinfaUs- und 
Sichtwinkel zu einer starken Farbverschiebung 
kommt und wobei der Dunnfilmschichtkorper ein 
Substrat (12) und eine mehrschichtige Metall-Di- 
elektrikum-Dunnfilm-lntereferenzbeschichtung 

(16) umfaGt, die eine Absorberschicht (19), eine di- 
elektrische Zwischenschicht (18) und eine dem 
Substrat aufliegende reflektierende Metallschicht 

(17) enthalt, urn die dem Schichtkdrper eigene vom 
Winkel abhangige Farbverschiebung zu erzeugen, 
wobei die reflektierende Metallschicht (17) einen in- 
tegrierenden Bestandteil der mehrschichtigen Me- 
tall-Dielektrikum-DOnnfilm-lnterferenzbeschich- 
tung (1 6) bildet, urn auf diese Weise zu den optisch 
veranderlichen Eigenschaften beizutragen und so 
einflaschungssicheres Merkmal zu bilden, dadurch 
gekennzeichnet, daft die unmittelbardem Substrat 
aufliegende reflektierende Metallschicht (17) aus 
einem Material gebildet ist, das sowohl magneti- 
sche als auch reflektierende Eigenschaften auf- 
weist, urn so ein weite res falschungssicheres Merk- 
mal zu bilden. 

2. Schichtkdrper nach Anspruch 1, dadurch gekenn- 
zeichnet, daG die reflektierende und magnetische 
Eigenschaften aufweisende Metallschicht (17) eine 
Kobalt-Nickel-Legierung ist. 

3. Schichtkdrper nach Anspruch 2, dadurch gekenn- 
zeichnet, daG die Kobalt-Nickel-Legierung (1 7) aus 
80 ± 10 Gew.% Kobalt und 20 ± 10 Gew.% Nickel 
besteht. 

4. Schichtkorper nach einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet, daG auGen an der mehr- 
schichtigen Interferenzbeschichtung (16) auf ihrer 
dem einfallenden Licht ausgesetzten AuGenflache 
ein subtraktives Farbemittel (26) vorgesehen wird, 
das in Verbindung mit der mehrschichtigen Interfe- 
renzbeschichtung (16) der Modifizierung der inha- 
renten, von der mehrschichtigen Intereferenzbe- 
schichtung (16) erzeugten Farbverschiebung von 
einer bestimmten Farbe zu einer anderen bestimm- 
ten Farbe bei zwei unterschiedlichen Einfallswin- 
keln dient. 

5. Schichtkorper nach Anspruch 4, dadurch gekenn- 
zeichnet, daG das subtraktive Farbemittel (26) in 
Form eines gefarbten Superstrats (26) vorliegt. 



6. Dunnfilmschichtkorper mit optisch veranderlichen 
Eigenschaften, wobei es je nach dem Einfalls- und 
Sichtwinkel zu einer starken Farbverschiebung, der 
ein Substrat und eine dem Substrat aufliegende 

s symmetrische mehrschichtige Interferenzbeschich- 
tung umfaGt, die eine aus einem stark reflektieren- 
den metallischen Stoff gebildete Metallschicht (32) 
und auf den gegenuberliegenden Seiten der Metall- 
schicht angeordnete dielektrische Zwischenschich- 
10 ten (36, 37) und auf jeder der dielektrischen Zwi- 
schenschichten angeordnete metallische absorbie- 
rende Schichten (38, 39) aufweist, wobei die reflek- 
tierende Metallschicht einen integrierenden Be- 
standteil der symmetrischen mehrschichtigen lnter- 
75 ferenzbeschichtung bildet, urn auf diese Weise zu 
den optisch veranderlichen Eigenschaften beizu- 
tragen, die ein falschungssicheres Merkmal bereit- 
stellen, dadurch gekennzeichnet, daG die reflek- 
tierende Metallschicht (32) aus einem Material ge- 
20 bildet ist, das sowohl magnetische als auch reflek- 
tierende Eigenschaften aufweist, um so ein weite- 
res falschungssicheres Merkmal zu bilden. 

7. Dunnfilmschichtkorper nach Anspruch 6, dadurch 
25 gekennzeichnet, daG jede der gegenuberliegen- 
den Seiten der symmetrischen mehrschichtigen In- 
terferenzbeschichtung ein subtraktives Farbemittel 
(41,42)tragt. 

30 8. Dunnfilmschichtkorper nach einem der Anspruche 
6 Oder 7, der in eine Druckfarbe eingearbeitet ist. 

9. Dunnfilmschichtkorper nach einem der Anspruche 
6 Oder 7, der in eine Anstrichfarbe eingearbeitet ist. 

35 

Revendications 

1. Structure en pellicule mince ayant des propri6t6s 

40 optiquement variables produisant un dScalage im- 
portant de couleur suivant Tangle d'incidence et 
d'observation, comportant un substrat (12) et un re- 
vStement d'interterence m6tal-isolant (16) en pelli- 
cule mince multicouche comprenant une couche 

45 mStallique absorbante (19), une couche isolante 
d'6cartement (18) et une couche metallique r6fl6- 
chissante (17) portees par le substrat pour produire 
ledit d^calage inherent de couleur avec Tangle, la- 
dite couche m6tallique r6fl6chissante (17) formant 

so partie integrante du revetement d'interterence m6- 
tal-isolant (16) en pellicule mince multicouche afin 
de contribuer aux proprtet6s optiquement variables 
pour produire une caracteristique interdisant les 
contrefacons ; caract6ris6e en ce que ladite couche 

55 metallique r6fl6chissante (17) porte'e directement 
par le substrat est form6e d'une matiere qui poss6- 
de des propridtds magndtiques ainsi que refl^chis- 
santes pour procurer une autre caracteristique in- 
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terdisant les contrefagons. 

2. Structure selon la revendication 1 , caracterisee en 8. 
ce que ladite couche metallique (17) ayant des pro- 
prietes reflechissantes et magnetiques est un allia- 5 

ge de cobalt et de nickel. 9. 

3. Structure selon la revendication 2, caracterisee en 
ce que ledit alliage de cobalt et de nickel (17) est 
une composition de 80% de cobalt et de 20% de 10 
nickel en poids, plus ou moins 10% de chaque m6- 

tal dans I'alliage. 

4. Structure selon Tune quelconque des revendica- 
tions 1 a 3, caracterisee en ce qu'un moyen colorant is 
soustractif (26) est place a I'exterieurdu revetement 
d'interference multicouche (1 6) sur la face du reve- 
tement d'interference multicouche (16) qui est tour- 
nee vers la lumiere incidente, ledit moyen colorant 
soustractif (26), en combinaison avec le revetement 20 
d'interference multicouche (16), sert a modifier le 
decalage inherent de couleur produit par le revete- 
ment d'interference multicouche (16) pour produire 

un decalage discret de couleur d'une couleur dis- 
tincte a une autre couleur sous deux angles diffe- 2s 
rents d'incidence. 

5. Structure selon la revendication 4, caracterisee en 
ce que le moyen colorant soustractif (26) a la forme 
d'une couche exterieure teintee (26). 30 

6. Structure en pellicule mince ayant des propriety 
optiquement variables produisant un decalage im- 
portant de couleur suivant Tangle d'incidence et 
d'observation, comportant un substrat et un revete- 35 
ment symetrique d'interference multicouche porte 

par le substrat ayant une couche metallique (32) 
formee sur une matiere metallique qui est haute- 
ment reflechissante, des couches isolantes (36,37) 
d'ecartement disposees sur des faces opposees de *o 
la couche metallique reflechissante et des couches 
metalliques absorbantes (38,39) disposees sur 
chacune des couches isolantes d'ecartement, la 
couche metallique reflechissante formant partie in- 
tegrante du revetement symetrique d'interference 45 
multicouche pour contribuer aux proprietes opti- 
quement variables qui procurent une caracteristi- 
que interdisant les contrefagons ; caracterisee en 
ce que la couche metallique reflechissante (32) est 
formee d'une matiere qui possede des proprietes 50 
magnetiques ainsi que reflechissantes pour procu- 
rer une autre caracteristique interdisant les contre- 
fagons. 

7. Structure en pellicule mince selon la revendication 55 
6, caracterisee en ce qu'un moyen colorant sous- 
tractif (41 ,42) est porte par chacune des faces op- 
posees du revetement symetrique d'interference 



multicouche. 

Structure en pellicule mince selon la revendication 
6 ou la revendication 7, incorporee dans une encre. 

Structure en pellicule mince selon la revendication 
6 ou la revendication 7, incorporee dans une pein- 
ture. 
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